Increased competition and problem loan in the banking sectors force banks to operate its activities more efficiently. However, bank's efficiency, capital and risk are interrelated. The present study is made on assessing the inter-temporal relationship between efficiency, capital and risk of commercial banks in Bangladesh during the period 2011-2016 by setting simultaneous equation. The study uses three-stage least square model (3SLS) and dynamic panel generalized method of moments (GMM) model to estimate efficiency-capital-risk relationship. The study reports that both models provide consistent result regarding the relationship of bank's operational efficiency with capital and risk and inconsistent result about the relationship between capital and risk. The study concludes that a U-shaped relationship is exited in the 3SLS model of efficiency-capital-risk relationship as banks' operational efficiency and risk have positive relationship with capital and bank size, indicating that with increased capital and bank size, bank's operational efficiency is improved at decreasing rate due to increase in bank's risk.
Introduction
As monetary institution, banking system dominates a country's economic growth largely due to enjoy monopoly position in the financial market. Generally, the main activities of banks is considered as repository of money, as it takes money in term of deposit from public and then uses for various advances and investment sectors to earn profit. On the other hand, a country's economic growth and efficiency is being hindered because of the bank's increasing problem loans as the resources are locked up in unprofitable sectors. For this reason, the operations of the banking system are needed to be efficient to ensure economic sustainability. Besides, all the banks are required to operate closer to the best practice due to increase competition in the banking sector. However, increased competition influences greater risk-taking behavior and reduces the market power and charter value of the bank. (Salas & Saurina, 2003; Hellmann et al., 2000) . In this regard, regulatory body of the banks needs to focus on capital requirement and proper supervision to identify the possible incentives of taking higher risks (Mosko & Bozdo, 2015) .
Although banking system is supposed to play a crucial role in the efficient allocation of resources in an economy, its' continuing failures due to high non-performing loans are affecting its' sustenance, the country's efficiency and productivity and constraining the scope of businesses and industries that have a good potentiality to grow and increase the strength of the economy in the long run. Thus, the credit crisis highlights the necessity of analyzing bank risks in an environment of improved bank efficiency and lower bank capital.
In the context of Bangladesh, the banking system comprised of six State-owned Commercial Banks (SCBs), fourty Private Commercial Banks (PCBs) and nine Foreign Commercial Banks (FCBs) during 2017. Bangladesh Bank (BB), central bank of Bangladesh, reports that the total non-performing loans of banking sector is Tk 80397 crore as of September 2017 which is about 10.67% of all outstanding loans. During 2017, the SCBs are the worst performers as their problem loan stands at Tk 44126 crore or 55% of total. Besides, these banks have shortage of capital which is Tk 12683 crore at the end of june 2017. Such situations have wrecked profitability and capital adequacy of banks. The reasons behind these are enormous corruption and inefficiency. Thus taking these entire figures into consideration, it has become necessary to assess the relationship between bank efficiency, capital and risk in Bangladesh banking system. Surprisingly, a number of studies have taken place on identifying influencing factors of efficiency, capital and risk separately in banking sectors in Bangladesh. But, there is no such a study available on modeling a relationship between bank efficiency, capital and risk in banking industry of Bangladesh. Thus, the present is carried out on assessing the relationship between bank efficiency, capital and risk in Bangladesh banking system.
Literature Review
Bank's operational efficiency, capital and risk are interrelated and various empirical results report that the relationship between bank's operational efficiency, capital and risk is different across countries. Tan and Floros (2013) use three-stage least square method to assess the relationship between bank efficiency, capital and risk of Chinese commercial banking industry. In their study, they consider four measures to indicate risk which are loan loss provision to total loans (LLPTL) ratio, volatility of return on assets (ROA), volatility of return on equity (ROE) and Z-score. They find that a significant and negative relation exists between risk (Z-score) and capitalization while a significant and positive relation exists between risk (LLPTL) and efficiency of Chinese banks. They also explain that as bank specific variables, bigger banks (in terms of total assets) have positive relation and higher liquidity has negative relation with bank efficiency. Moreover, they suggest that banks having higher liquidity level are more capitalized. They conclude that banks are motivated to do their lending activities with higher risk in order to increase competition in the banking sector. In this regards, Kwan and Eisenbeis (1997) use a simultaneous equation framework to analyze the interrelationships between bank interest rate and credit risk-taking, capitalization and operating efficiency. They find that efficiency and capital are relevant drivers of bank risk and explain that highly capitalized banks operate their activities more efficiently than less capitalized banks and inefficient banks are more vulnerable to risk-taking than high performance banking organizations. Supporting this view, Fiordelisi et al (2010) seek to establish the inter-temporal relationship among efficiency, capital and risk for commercial banks operating in the European Union. They conclude that lower efficiency indicates greater future risks whereas efficiency improvement leads to shore up bank's capital positions. They suggest that long term efficiency ensures financial stability of banks in the future market. Further, Fiordelisi et al (2011) stated that banks that operate inefficiently, have higher risk levels and banks with higher level of capital increase their efficiency. In this regards, Altunbas et al (2007) seek to examine the relationship between capital, risk and efficiency in European banking industry and find that less efficient banks tend to have higher capital levels and lower levels of credit risk. They also find positive relationship between risk on the level of capital (and liquidity), indicate that regulators' preference for capital can be used as a mean of restricting risk-taking activities. Das and Ghosh (2004) report that bank's risk and capital levels are simultaneously related and explain that banks reduce the effects of increase in capital by decreasing asset risk posture and vice-versa. Further, Das and Gosh (2006) find a positive relationship between bank capital and operating efficiency and explain that banks with sufficient capital are considered financially healthier and safer against credit risk which will lead to improved efficiency. However, Jensen and Meckling (1976) , Fama (1980) and Fama and Jensen (1983) explain that firms with lower capital weakens owner control over management which in turn make management freer to follow its own agenda and thus provide with fewer incentives to be efficient. Moreover, Hughes and Mester (2013) explain that bank's production decisions (including their mix of assets, asset quality, off-balance sheet hedging activities, capital structure, debt maturity and resources allocated to risk management) are affected by the choice of risk which ultimately affects bank's cost and profitability.
Various research papers expose the relationship between bank efficiency, capital and risk by considering moral hazard, bad management and agency cost hypotheses. According to Calomiris and Kahn (1991) , a negative relation exists between capital regulation and performance due to agency cost between managers and shareholders. They explain that conflicts between managers and shareholders are increased when capital ratios are higher due to the discipline imposed on manager behavior by debt repayment requirements. In this case, Demsetz et al (1996) , Salas and Saurina (2003) , Gorton and Rosen (1995) and Jacques and Nigro (1997) show a negative relationship between capital and risk, indicating that bank managers tend to take on more risk especially when banks have lower capital level that indicates moral hazard hypothesis. With regards to, Hughes and Moon (1995) report that the role of efficiency is crucial for evaluating the relationship between risk and capital, explaining that efficient banks are more flexible in terms of their capital level and risk profile than less efficient banks. They explain that less efficient banks with lower level of capital tend to take more risk to compensate for lost return because of considering moral hazard. On the contrary, Ediz et al (1997), Rime (2001) and Iannotta et al (2007) stated that bank's capital and risks are positively correlated, explaining that bank capital can be used to compensate for their asset risk. In this case, Lotto, J. (2018) outlines the impact of capital regulations on operating efficiency. He finds a positive and significant relationship between capital ratio and bank's operating efficiency which means that capital adequacy provides safety cushion for banks financial stability and prevents ijbm.ccsenet.org International Journal of Business and Management Vol. 14, No. 1; moral hazard problems between shareholders and debt-holders to increase bank's operating efficiency. He also finds a negative relationship between non-performing loans and bank's operating efficiency which explains that a significant amount of bank's loan and advances will attract a greater chance of being default and such types of loans are of little importance in determining bank's operational efficiency. He concludes that bank management needs to be more careful in the loan screening process to decline the incidence of non-performing loans. Berger and De Young (1997) explain that banks with lower levels of capital and operating efficiency have higher cost, result in increasing problem loans. In this regards, Williams (2004) used granger-causality techniques to analyze the inter-temporal relationships among problem loans, cost efficiency and financial capital and reported that lower efficiency banks make poor quality loans due to bad management. Based on these studies, we use simultaneous equation to assess the relationship between efficiency, capital and risk of commercial banks in Bangladesh.
Research Design

Data collection
As the main objective of the study is to assess the relationship between efficiency, capital and risk of commercial banks, annual reports of 30 scheduled commercial banks in Bangladesh (Appendix: Table 1 ) have been collected for the period from 2011 to 2016. During 2011 the number of scheduled commercial banks in Bangladesh was 34.
The study tries to cover most of the scheduled commercial banks in Bangladesh that have available data for at least 6 years.
Variables
Dependent Variables
The study uses three variables to define dependent variables in order to examine inter-temporal relationship between efficiency, capital and risks of the sampled commercial banks in Bangladesh.
Operational Efficiency
Some authors measure Operational Efficiency Ratio (OER) by dividing operational expenses by interest and non-interest income where a decrease in the OER is desirable, explains that bank is able to generate more earnings than its spendings (Allen and Rai 1996; Yeh 1996; Halkos and Salamouris 2004) . On the other hand, several researchers followed the reciprocal of the ratio (Amer 2011 , Odunga 2016 . Such ratio is computed by dividing interest and non-interest income by operational expenses which is followed in this study. Therefore, a higher OER is desirable as it reflects the pricing and production efficiency of the bank.
Bank Risk Taking
In the study, credit risk is considered and Loan Loss Provision to Total Loans ratio (LLPTL) is used to define the risk of bank (Tan and Floros, 2013) .
Bank Capital
The study used book value of Equity to Total Assets ratio (ECTA) to show the bank capital (Tan and Floros, 2013) .
Independent Variables
The following table shows selected independent variables where such variables are considered on the basis of literature reviews. 
Empirical Methodology
The study follows two estimation models i.e. three-stage least square (3SLS) estimation and dynamic panel GMM (i.e., generalized method of moments) model where 3SLS estimation is used to address endogeneity, cross-correlation between the error terms (Zellner and theil, 1962) and dynamic panel GMM model (Arellano and Bover, 1995; Blundell and Bond, 2000) is used to address potential endogeneity, heteroscedasticity and autocorrelation problems.
The following simultaneous equation consisting of three linear equations shows the empirical model to be estimated in the study: OERit = f (OERi, t-1, ECTAi,t, LLPTLi,t, LogTAi,t, NCOAGLi,t, LDRi,t, TIME EFFECT DUMMIESi,t) (1) ECTAit = g (ECTAi,t-1, LLPTLi,t, OERi,t, LogTAi,t, NCOAGLi,t, ROAi,t, TIME EFFECT DUMMIESi,t) (2) LLPTLit = h (LLPTLi,t-1, ECTAi,t, OERi,t, LogTAi,t, NCOAGLi,t, LTAi,t, TIME EFFECT DUMMIESi,t) (3)
Here:
OER i, t = Operational Efficiency ratio
ECTA i, t = Equity to Total Assets ratio LLPTL i, t = Loan Loss Provision to Total Loans ratio LogTA i, t = Log of Total Assets NCOAGL i, t = Net Charge-off to Average Gross Loan ratio (Bad Loan) LDR i, t = Net Loan to Total Deposits ratio ROA i, t = Return on Assets ratio
LTA i, t = Net Loan to Total Assets ratio TIME EFFECT DUMMIES i, t = 1 for year t and zero for otherwise. Table 3 shows descriptive analysis of selected variables of the sampled commercial banks in Bangladesh. Table 3 reports that ECTA takes average value 8.49% which means that banks with lower ECTA ratio spent large proportion of its earnings in paying interest. The average value of LLPTL is 1.1026% which reports that the selected commercial banks keep a significant portion of income as provision to handle credit risk. Besides, the average value of OER is 112.40% which indicates that on average banks are able to generate revenues in order to cover its total operating costs. The average value of LogTA is 25.95% ranging from 24.93% to 27.43%. Here, ROA's average value is 1.11%, means that banks' management efficiency is low during the study period. Moreover, the average of NCOAGL is 4.69% indicates that the selected banks have a significant amount of loan as bad loan. The average of LTA record is 64.72%, indicates an aggressive lending policy where lower ratios (0.40 to lower) are considered better debt ratio from a pure risk perspective. However, the average value of LDR is 88.42% with maximum value 341%, reflects that some banks need to be efficient in conducting credit policies. 
Discussion of Findings
Descriptive Analysis
Correlations Analysis
Pairwise Pearson's correlation matrix is performed to judge the potential multicollinearity concerns as follows: 
Empirical Results
In this section, the study reports the results of empirical analysis. For this, the study performs three-stage least square (3SLS) model and dynamic panel GMM model to get robust results about bank's efficiency-capital-risk relationship which is shown in the following table: Note. Significance: * = p < 0.10, **= p < 0.05, *** = p < 0.01.
As shown in (Mosko and Bozdo, 2015) . Further, the negative relationship between OER and LDR indicates that bank's operational efficiency is increased by decreasing loan to deposit ratio as high LDR causes liquidity risk for banks (Soedarto, M. 2004 ).
As bank's capital ratio, ECTA has positive relation with Lag ECTA and OER under both 3SLS and dynamic panel GMM models, has positive relation with LLPTL and ROA and negative relation with NCOAGL under 3SLS. Such situations explain that decrease in bad loan, increase in earnings, bank's operational efficiency and bank risk influence bank's capital to provide safety cushion in the future. Supporting this findings, Deelchand and Padgett (2009) report that with the increase in portfolio risk, bank's capital is increased to keep up their capital buffer and Hughes and Mester (1998) explain that bank's capital and risk are likely to be influenced by its efficiency. Besides, the positive relation between ECTA and ROA explains that profitable banks are more capable to improve their capitalization through retained earnings or equity issues (Rime, 2001 ).
As bank risk-taking ratio, LLPTL has negative relationship with bank's operational efficiency (OER) under both 3SLS and dynamic panel GMM models, has positive relationship with ECTA, LogTA, NCOAGL under 3SLS model and has positive relation with Lag LLPTL and LTA under dynamic panel GMM model. The result explains that inefficient banks are more vulnerable to risk-taking than efficient one (Kwan and Eisenbeis, 1997) . Besides, Ediz et al (1997) reported that the positive relation between risk and capital is influenced by bank's capital regulation effectively. Moreover, with the increase in bank's size and capital, inefficient banks intend to provide more loans to avoid idle money that will increase bank's risk because of having propensity to incur bad loan. Thus, banks should formulate a policy of scrutinizing a borrower's business extensively to avoid reckless lending that would increase the level of unsecured credits in bank's portfolio that will increase non-performing loans which in turn may lead to high level of loan loss provisions by banks (Odunga, 2016) .
Interestingly, the overall empirical results under 3SLS model disclose that a U-shaped relationship is found in the model of efficiency-capital-risk relationship. The results explain that with the increase in capital and bank size, bank's operational efficiency is improved at a decreasing rate. Because, with increased bank size and capital, banks have more available funds to invest that will increase loan growth rate. These increased loan growth rate will increase the level of unsecured credits in bank's portfolio that eventually may lead to increase non-performing loans which may influence high level of loan loss provisions by banks.
Conclusion
The economy of Bangladesh has tremendous potentiality where efficient intermediation of banks is vital to ijbm.ccsenet.org
International Journal of Business and Management Vol. 14, No. 1; ensure its growth and subsequent development. On the contrary, the country's economy is also threatened by the bank's increasing credit risk, resulting from increasing non-performing loans day by day. Besides, increased competition in the banking sector reduces bank's market power and charter value that may lead banks to greater risk-taking. To find out the reason for this, the study investigates the inter-temporal relationship between efficiency, capital and risk of commercial banks in Bangladesh by setting simultaneous equation. The study uses three-stage least square (3SLS) model and dynamic panel GMM model where both models disclose that bank's operational efficiency has significant relationship with capital and risk. The positive relationship of bank's operational efficiency with capital indicates that efficient banks are better capitalized and higher capital levels have a positive impact on efficiency levels. Whereas, the negative relationship between bank's operational efficiency and risk support moral hazard and bad management hypotheses which explain that inefficient banks undertake more risk and decline in efficiency lead to increased risk-taking respectively. The study finds inconsistent results about the relationship between bank risk-taking and capital where 3SLS model shows a positively significant relationship and GMM shows no significant relationship between them.
Thus, the overall empirical results under 3SLS model highlight that a U-shaped relationship is exited in the model of efficiency-capital-risk relationship as banks' operational efficiency and risk have positive relationship with capital and bank size, reporting that with capital and bank size, bank's operational efficiency is improved at decreasing rate due to increase in bank's risk.
The study captures internal factors of commercial banks to assess the efficiency-capital-risk relationship. To develop an integrated model it needs to consider many other factors such as GDP, Inflation rate, skill and qualification of employee, value of collateral, role of technology, ownership structure etc.
